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ABSTRACT proved forage utilization across a short grazing period
and is followed by a rest period beneficial to regrowthImplementation of intensive grazing management requires knowl-
(Harris, 1978). Further, it provides a means of distribut-edge about pasture growth rates and nutritive value throughout the

grazing season. Such information is lacking because results from small- ing animal waste across the total pasture area as opposed
plot defoliation experiments generally focus on annual dry matter to concentrating nutrients (point source) around the
yields (DMYs) and season mean nutritive value. In this experiment, water supply and in areas of shade (Wilkerson et al.,
the influences of defoliation treatments on daily growth rate (DGR) 1989; Whitehead, 1995). To implement intensive grazing
and associated nutritive value of tall fescue (Festuca arundinacea management, however, requires information on herb-
Schreb.) throughout the growing season were evaluated. A 3-yr study age mass (HM), relative DGRs, and nutritive value of
was conducted on a Typic Kanhapludult soil near Raleigh, NC. Eight

tall fescue throughout the growing season.defoliation treatments (31-, 15-, 10- and 8-cm canopy heights cut to
The production potential of tall fescue, expressed asa 5-cm stubble; 31-, 15-, and 11-cm canopy heights cut to a 9-cm

annual DMY, has been well addressed across the tallstubble, and an 8-cm canopy height cut to a 4-cm stubble) were eval-
fescue transition zone (Hallock et al., 1965; Colyer etuated in a randomized complete block design. Daily growth rates (kg

ha�1 ) were significantly (P � 0.01) altered by defoliation treatments al., 1977; Matches, 1979; Smith and Calvert, 1979). Al-
and by years within treatments. When rainfall was near normal in though annual yield data relative to pasture productivity
both spring and late summer, tall fescue growth rates, depending on are valuable, they provide little information about how
defoliation treatment, ranged from 34 to 55 kg ha�1 d�1 in May, from the dry matter is distributed during the spring, summer,
7 to 18 kg ha�1 d�1 in late July, to 22 to 35 kg ha�1 d�1 in late Sep- and fall growing periods. Such information is critical
tember. In less favorable years, DGRs seldom exceeded 30 kg ha�1

in the development of an intensive grazing system that
d�1 in the spring or 15 to 30 kg ha�1 d�1 in the autumn. Depending on

mandates herbage allowance on a short-time (daily) basisdefoliation treatments, in vitro dry matter disappearance (IVDMD)
as the growing season progresses. On-farm applicationranged between 650 and 733 g kg�1 in the spring, 479 and 687 g kg�1

requires continuous estimates of: (i) HM to determinein midsummer, and 549 and 807 g kg�1 by late summer. Crude protein
land area for each allocation period, (ii) relative growth(CP) and detergent fiber fraction concentrations were also examined.

The approach used to estimate DGR and associated nutritive value rates for the defoliation intensity used to determine sub-
changes throughout the growing season resulted in useful data that sequent reallocation intervals, and (iii) the nutritive value
can be applied in developing intensive grazing management practices. of the HM to assess potential daily animal responses.

Results will permit meaningful estimates of paddock
size and paddock number based on the stocking density

Tall fescue is the major cool season, perennial for- required for each animal class and the animal daily
age adapted across the upper South and predomi- performance that may be expected from a specific defo-

nates throughout the North–South transition zone (Burns liation schedule. Such data, which has been shown esti-
and Chamblee, 1979). This forage provides grazing in mable from small-plot clipping trials (Matches, 1968),
the upper South from March and into late June and are generally lacking in the literature for tall fescue and
from September through November when N status and are not available for the Piedmont Region.
rainfall are adequate. Limited growth occurs, however, Several experiments describing the seasonal growth
during the summer stress period and during the winter pattern of tall fescue have been conducted; however,
months of December and February if temperatures are these occurred in marginal soils of the Appalachian
mild during the winter (Chamblee et al., 1995). Low Plateau (850-m elevation). In one study, growth stages
temperatures generally limit all growth during January. were used and growth rates determined for each harvest

More effective utilization of tall fescue pastures dur- by dividing harvest yield by days of growth (Denison
ing the spring and autumn growing periods could be and Perry, 1990). A second study at the same location
achieved through intensive grazing management. This based defoliation on canopy height, and accumulative
grazing strategy has both utilization (Mueller et al., yields were fitted to the Gompertz growth equation and
1995) and environmental advantages (Whitehead, 1995) growth rates were determined (Belesky and Fedders,
which have economic implications. The implementation 1994). In another study at a lower elevation (≈615 m)
of intensive grazing management, however, requires in the Southern Appalachian Mountains, tall fescue was
subdivision of pastures and daily (or several-day) alloca- harvested monthly at 5- and 10-cm stubbles throughout
tion of pasture to animals. This practice permits im- the year and monthly DMYs presented (Dobson et al.,

1978). Seasonal growth rates, however, were not re-
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samples were weighed and dried in a forced-air dryer at 65�C,ported. The data reported from the above studies were
and DMY was calculated.obtained at higher elevations in the mountains and are

After the yield strip was removed, eight subsamples (fourprobably not representative of those farther east and
spaced along each edge of the harvest strip) were hand cutsouth in the Piedmont at lower elevations (�200 m).
to the appropriate stubble from each plot, composited, quickThe objectives of this study were to determine DMY
frozen in liquid N (�370�C), and placed into a freezer (�25�C).and associated nutritive value changes of tall fescue Thereafter, samples were freeze dried, ground through a Wiley

during the growing season in the Piedmont for a range mill to pass a 1-mm screen, and returned to the freezer until
of defoliation frequencies and intensities. Further, ob- analyzed. All samples were analyzed for IVDMD (Burns and
jectives were to convert discrete harvest measurements Cope, 1974), neutral detergent fiber (NDF), acid detergent
into a DGR and to present the growth rate and associ- fiber (ADF), and permanganate lignin (Goering and Van
ated nutritive value estimates of the forage as continu- Soest, 1970). Cellulose (CELL) was determined by subtracting

lignin plus ash from ADF. Hemicellulose (HEMI) was deter-ous response curves that are descriptive of the grow-
mined by subtracting ADF from NDF. Samples from the 10-5ing season.
and 15-5 and from the 11-9 and 31-9 treatments (Table 1)
were further analyzed for total N (Association of OfficialMATERIALS AND METHODS
Analytical Chemists, 1990), multiplied by 6.25, and expressed

This study was conducted at the Reedy Creek Road Field as CP, and for water soluble carbohydrates (Deriaz, 1961).
Laboratory on a Cecil clay loam (fine, kaolinitic, thermic Typic
Kanhapludults) soil near Raleigh, NC. An excellent, well-

Changes in Daily Growth Rateestablished stand of ‘Kentucky 31’ tall fescue, representative
and Nutritive Valueof the majority of the pastures in the Southeast (Ball et al.,

1985), was used for this study. Soil pH was maintained above Daily growth rate was determined for each treatment each
6.1 and annual February applications were made of 39 and year by first plotting the accumulated DMY during the season
222 kg ha�1 of P and K, respectively. A seasonal total of 269 on the y-axis against each discrete harvest date on the x-axis.
kg ha�1 of N was topdressed as ammonium nitrate in split Initiation of growth was assumed to be 10 February each year.
applications of 113 kg ha�1 15 February, 67 kg ha�1 15 April, A smooth spline function was fitted to the accumulated DMY
and 89 kg ha�1 15 September. values and used to compute interpolated daily accumulated

DMY values. The difference between successive interpolated
Defoliation Treatments and Sampling or predicted DMY values were interpreted as estimated deriv-

atives of growth rate with respect to time. This was doneEight defoliation treatments (Table 1) were randomly as-
separately for each treatment, year, and replicate combinationsigned within each of four replicates in a randomized complete
(i.e., for each plot). Further statistical analyses were performedblock design and imposed on the same plots during this 3-yr
on these estimated DGRs during the growing season whenstudy. Plots were 1.8 m wide and 6.1 m long with 1.5 m between
all treatments in all years were comparable. The additionalreplicates. The eight treatments consisted of a range of canopy
data collected in late October and November for some treat-heights defoliated to three different stubble heights through-
ments were included in the figures to show autumn trends.out the growing season. The date of initial and final defoliation
Means and LSDs for year and treatment were computed atand number of defoliations varied with treatment and year
each day, and the results plotted against the dates. Note that(Table 1). The morphology of the tall fescue, relative to the
the LSDs are point-wise calculations, that is, they are calcu-defoliation frequencies imposed, was already established at
lated for individual days and consequently, valid only at thethe beginning of this experiment because the same treatments
specific time points where they were computed. Whereas thehad been evaluated in a previous 3-yr study.
LSDs for adjacent days are not independent, the changes inAt harvest, a 30-cm wide strip was removed from the ends
LSDs across time provide a valid picture of changes in esti-of each plot and discarded. A 51-cm wide by 5.5-m long strip
mates of mean growth rates across time. Changes in dailywas harvested with a 51-cm rotary mower. The 31-5 and 31-9
concentrations (g kg�1 ) of IVDMD, CP, NDF, ADF, HEMI,treatments (Table 1) were an exception and were cut with a
CELL, and lignin were determined in the same way as DGRs,61-cm sickle-bar mower. The forage harvested with the rotary
and the replotted data fit with a splinned polynomial to de-mower was directly bagged, whereas the forage cut with the

sickle-bar mower was raked and placed in a cloth bag. All scribe the growing season.

Table 1. Treatment designation, description, initial and final harvest dates, and total number of harvests for each treatment each year.

Defoliation treatments Harvest dates

Total harvestsActual height Initial date Final date
Rounded

Canopy Stubble designation† Yr. 1 Yr. 2 Yr. 3 Yr. 1 Yr. 2 Yr. 3 Yr. 1 Yr. 2 Yr. 3

cm
7.6 3.8 8-4 9/4 6/4 31/3 10/10 5/11 5/11 10 10 16
7.6 5.1 8-5 9/4 6/4 31/3 10/10 13/11 18/11 13 14 17
10.1 5.1 10-5 9/4 6/4 31/3 10/10 5/11 5/11 11 10 15
15.2 5.1 15-5 21/4 23/4 9/4 17/10 5/11 18/11 6 5 8
30.5 5.1 31-5 24/4 5/5 3/5 3/10 1/12 5/11 4 3 4
11.4 8.9 11-9 9/4 6/4 31/3 17/10 13/11 18/11 14 15 22
15.2 8.9 15-9 9/2 15/4 9/4 17/10 5/11 5/11 13 7 12
30.5 8.9 31-9 24/4 5/5 3/5 3/10 1/12 5/11 4 3 5

† For simplicity of discussion, the actual canopy and stubble heights have been rounded and designated with canopy height first followed by stubble
height. For example, a 7.6-cm canopy height cut to a 3.8-cm stubble has been designated as 8-4. This indicates that each time the canopy reached 8 cm
during the growing season it was cut to a 4-cm stubble height.
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Table 2. Set of six meaningful comparisons included in the analy- RESULTS AND DISCUSSION
ses of variance for the annual yields of tall fescue.

Temperature in the spring and rainfall distribution,
Comparison hence soil moisture status, during the growing seasonno. Defoliation Intensity

are important influences on when growth begins in the
Stubble height spring and the rate at which forage accumulates from

1 4 cm vs. 5 cm (8-4 vs. 8-5)
one harvest to the next. Year 1 showed above average2 5 cm vs. 9 cm (10-5, 15-5, 31-5 vs. 11-9, 15-9, 31-9)
rainfall in March with some deficiencies in April andCanopy height at 5-cm stubble
May, but with above average rainfall in June, August,3 30-5 vs. (10-5, 15-5)

4 10-5 vs. 15-5 and September (Table 3). Mean air temperatures were
Canopy height at 9-cm stubble below average in all months except July, which was

5 31-9 vs. (11-9, 15-9) near average.
6 11-9 vs. 15-9 In Year 2, below average rainfall fell in March

through June and in August with the deficit in June
Annual Yields being most severe. September was dry and October

wetter than average. The spring and summer wereTotal DMY for the season was determined by totaling the
cooler than average, but the autumn warmer than aver-DMY from each harvest within each treatment. Season CP
age (Table 3). The autumn conditions are reflected inyields and total estimated digestible dry matter (EDDM)
the later final harvest dates compared with Year 1 (Ta-yields were determined by multiplying DMY by the appro-

priate CP or IVDMD concentration, respectively, for each ble 1). Year 3 began with above average rainfall in
harvest and totaling all harvests for each year within a treat- February and March, which continued with alternating
ment. below and above average rainfall in April through Sep-

tember. October was extremely wet. Mean air tempera-
Statistical Analyses tures were below average in spring and summer,

whereas autumn temperatures were above average.A LSD using a pooled error was determined for DGRs and
These weather conditions are reflected in the early ini-daily concentrations of IVDMD and CP to make comparisons
tial and late final harvest dates noted for Year 3 com-among treatments within years and is presented at 10-d inter-
pared with Years 1 and 2 (Table 1). In general, depar-vals throughout the growing season. An LSD was determined

for NDF and its fiber constituents to make comparisons among tures in rainfall during each year of the 3-yr study were
treatments averaged across all 3 yr. An LSD was also deter- not very extreme nor prolonged, but were of sufficient
mined to make among-year comparisons within the 10-5, 15-5, scope to alter forage production.
and 31-5 defoliation treatments for 10-d intervals throughout
the growing season. Seasonal Responses

The annual yields of DM, CP, and EDDM were statistically
Annual total DMY and associated estimates of nutri-analyzed in a combined analysis for a randomized complete

block design with year treated as a stripped effect (SAS Insti- tive value of tall fescue from defoliation treatments,
tute, 1995). All yield data showed a significant year � treat- presented later, are informative regarding the overall
ment interaction and were reanalyzed by year and presented forage productivity and its potential as a livestock feed.
by year. A set of six meaningful comparisons were included Data as such, however, are essentially useless for devel-
in the analyses of variance for the annual yields, as noted in oping intensive grazing systems. This requires estimates
Table 2. of HM, forage growth rates, and nutritive value of the

Comparisons 1 and 2 evaluated different defoliation intensi- harvested forage across short-increments of time (1 wkties (stubble heights), Comparisons 3 and 4 evaluated different
or less) throughout the entire growing season. Such datadefoliation frequencies at a 5-cm stubble, and Comparisons 5
permit estimates of paddock number, paddock size re-and 6 evaluated different defoliation frequencies at a 9-cm
lative to necessary stocking density, and the daily ani-stubble. A minimum significant difference from the Waller-
mal performance expected from a specific defoliationDuncan K-ratio t-test (K � 100) (SAS Institute, 1995) also

was included for other comparisons of interest. schedule.

Table 3. Climatological data recorded �5 km from the experimental site.†

30-year mean Year 1 departures Year 2 departures Year 3 departures

Month Rainfall Temp. Rainfall Temp. Rainfall Temp. Rainfall Temp.

mm �C mm �C mm �C mm �C
January 84 5.3 �42 �2.3 �24 �4.8 2 �2.6
February 93 6.2 9 �1.1 6 �2.3 15 �0.5
March 92 10.2 15 �3.2 �42 �1.8 9 �2.5
April 83 15.2 �52 �0.3 �11 0.1 �23 �1.6
May 95 18.0 �17 �0.8 �4 �0.9 29 �1.8
June 105 24.1 28 �0.2 �71 �1.3 �23 0.2
July 136 25.7 �27 0.1 4 �1.0 �23 �0.7
August 133 25.1 28 �1.7 �18 �0.9 27 �0.9
September 93 22.1 59 �2.0 �66 1.2 �23 0.5
October 73 16.0 �15 �1.1 44 0.3 121 2.4
November 63 10.4 �44 �2.1 �29 �0.4 �24 �0.8
December 80 6.0 7 �2.4 �11 0.5 �33 0.6

† Data recorded at the Raleigh-Durham International Airport by the National Oceanic and Atmospheric Administration.
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This section presents defoliation influences on tall Daily Growth Rate
fescue mean DGR and the associated nutritive value of Daily growth rate of tall fescue during the growing
the forage throughout the growing season (Fig. 1–8). season differed among defoliation treatments (Fig. 1)
Defoliation or year main effects, as appropriate, can be and among years (Fig. 2) within defoliation treatment,
examined during the growing season at 10-d intervals by but the year � treatment interaction was not significant
using the appropriate LSD given in the figures. Consider (P � 0.05). The more typical seasonal DGR of tall
Fig. 1 for example. The LSDs for every tenth day are fescue is high during the spring, followed by a midsum-
given as bars, as well as numerically, at the top of the mer decline with renewed growth occurring in the au-
figure. The length of the bars indicate that the estimates tumn (Chamblee et al., 1995). This growth distribution
of the growth rate curves are subject to much greater is represented in Year 3 (Fig. 1). In the third year,
variability in May–June than in late August–early Sep- the 31-9 or 31-5 defoliation treatments showed highest
tember. In Year 1, the evidence for differences among growth rates into midsummer with little difference noted
treatments is weak, except possibly near the end of the thereafter among defoliation treatments until late Sep-
season. Alternatively, in Year 2 there is fairly strong tember. In Year 1, except in May, few differences in
evidence of treatment differences in June and again in DGR were noted among defoliation treatments (Fig.
late July and early August. Strong evidence of treatment 1), while in Year 2 differences during the growing season
differences occurs in the first half of Year 3, but not were large. In Year 2, the less intensive defoliations
in the second half. Although only general trends are (31-9 or 31-5) showed trends that were different from
discussed below for each variable measured, many spe- the intermediate defoliation (15-9 or 15-5), and both
cific comparisons among defoliation treatments can be showed different trends than noted for the intensive
made and are left to the interest of the reader. defoliations (11-9, 10-5, 8-5, or 8-4). The low growth

Fig. 1. Daily growth rate changes of tall fescue by year throughout Fig. 2. Daily growth rate changes of tall fescue throughout the growing
season among years within the 5-cm stubble defoliation series. Thethe growing season from eight defoliation intensities. The LSD

(P � 0.05) applies to all years. LSD (P � 0.05) applies to all defoliation treatments.
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rate noted in the spring of Year 2, especially for the tems to avoid overstocking or in planning an adequate
supply of conserved forage for the stocking rate desired.intensive defoliation treatments, followed by increased

growth in July and August is attributed, in part, to below
normal rainfall in the spring, with more favorable rain- Nutritive Value
fall in July and early August (Table 3). Daily growth

Defoliation treatments altered the concentrations ofrate of tall fescue is highly influenced by rainfall and
all of the nutritive value estimates determined with yeartemperature.
effects being significant only for IVDMD and CP. TheMean DGR during the growing season differed defoliation treatment � year interaction was not sig-among years within defoliation treatments (Fig. 2). Be- nificant.cause the 9-cm and 5-cm defoliation series showed simi-

lar year-to-year differences, for simplicity, only the 5-cm
In Vitro Dry Matter Disappearance, Crudedefoliation treatments are shown. Large year-to-year
Protein, and Water Soluble Carbohydratesdifferences are noted with Year 3 generally having the

higher DGR during the growing season than either Generally, IVDMD was lowest during the growing
Years 1 or 2. These large year-to-year seasonal differ- season for the least frequently defoliated treatments
ences in DGR must be given consideration in devel- (Fig. 3: Treatments 31-9 and 31-5). On the other hand,

forage from treatments more frequently defoliated (�15oping season-long intensive grazing management sys-

Fig. 3. Changes in in vitro dry matter disappearance (IVDMD) of tall fescue by year throughout the growing season from eight defoliation
intensities. The LSD (P � 0.05) applies to all years.
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cm) were higher in IVDMD during the growing season performance of young stock (calves weighing from 136
and generally similar in concentrations. Year differences to 227 kg) which obtain their major supply of daily
were highly variable as noted for the 5-cm defoliation nutrients from pasture (National Research Council,
series (Fig. 4). For example, differences in IVDMD from 1996). In some years (Fig. 6), for example, CP concentra-
the 15-5 defoliation treatment on 4 July ranged from tions on some treatments fell below 150 g kg�1 in the
≈530 g kg�1 in Year 3 to ≈740 g kg�1 in Year 1. summer to as low as ≈110 g kg�1.

Crude protein concentrations from selected defolia- Water soluble carbohydrates were altered by defolia-
tion treatments (31-9, 11-9, 15-5, and 10-5) were similar tion treatments as noted from the selected treatments
during the growing season in Year 1 (Fig. 5) but were analyzed (Fig. 7: Treatments 31-9, 11-9, 15-5, and 10-
numerically lower for the 31-9 defoliation treatment in 5). Differences occurred beginning 4 July and existed
Years 2 and 3. Higher CP concentrations in the forage through early September. The 31-9 defoliation resulted
occurred during the growing season from the more fre- in consistent lower WSC concentration, averaging only
quent defoliation treatments in Year 3. The year effect 80 g kg�1 in July and increased slowly to �95 g kg�1 by
on CP concentrations during the growing season was early September. The more frequent defoliation in-
large as shown for selected treatments (Fig. 6). Defolia- creased WSC from ≈90 g kg�1 to 125 g kg�1 or higher
tion treatments that resulted in CP concentration of during the same period. Very rapid increases in WSC

were noted in the 11-9 and 15-5 defoliation treatments�150 g kg�1 during the growing season may limit the

Fig. 4. Changes in vitro dry matter disappearance (IVDMD) of tall fescue throughout the growing season among years within the 5-cm stubble
defoliation series. The LSD (P � 0.05) applies to all defoliation treatments.
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Fig. 5. Changes in crude protein of tall fescue by year throughout the growing season from four selected defoliation intensities. The LSD (P �
0.05) applies to all years.

by early November. This trend of increased WSC is higher lignin concentrations present in basal stems. Lit-
tle difference was noted among the four more intensivegenerally reflected in increased IVDMD during July to

September and on into November. defoliation treatments (11-9, 10-5, 8-5, and 8-4) during
the growing season in NDF and associated fiber concen-
trations of the forage.Neutral Detergent Fiber

and Constituent Fractions
Application of Seasonal DataDefoliation treatments altered NDF concentrations

of the forage as well as constituent fiber concentrations The changes in tall fescue growth rate, both during
the grazing season and among defoliation treatments,(Fig. 7 and 8). In general, the least intensive defoliation

treatments (31-9, 31-5) resulted in forage with highest indicate why variable stocking is important if animals
are depending on tall fescue pasture as the sole sourceNDF and constituent fiber concentrations during the

growing season while the more intensive defoliation of nutrient intake. In developing flexible grazing systems
(Blaser et al., 1976), estimates of pasture growth ratestreatments produced forage with lower concentrations.

The noted exception was for lignin (Fig. 8) in which the and nutritive value, as presented here, are essential in
properly allocating forage for effective utilization and8-4 defoliation treatment resulted in forage with large

increases in lignin in May through July. The cause of to allocate other feed sources in obtaining the animal
response desired (Burns, 1982). The data indicate thatthis response is not clear, but may be associated with
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Fig. 6. Changes in crude protein of tall fescue throughout the growing season among years within the three selected defoliation intensities. The
LSD (P � 0.05) applies to all defoliation treatments.

if animal numbers are to remain near constant during difference, 6030 vs. 4975 kg ha�1, represents a 21% in-
the grazing season, that paddock size or rotation inter- crease in DMY from the 5-cm stubble and similar to
val, or both, must be adjusted from spring to summer the 26% increase reported by Dobson et al. (1978) when
to fall, depending on the animal response targeted by harvesting tall fescue to 5-cm vs. a 10-cm stubble (9100
the manager. vs. 7230 kg ha�1 ). A comparison of two of the more

intensive defoliation managements (15-5 vs. 15-9) showed
a 37% increase (5800 vs. 4220 kg ha�1 ) in DMY in favorANNUAL PRODUCTION
of the 5-cm stubble height (Table 4). This trend was

Dry Matter Yield also noted at the next lower canopy height of 10 to 11
cm with the 10-5 defoliation treatment producing 21%The defoliation treatments resulted in different total
more DMY compared with the 11-9 defoliation treat-DMY among years. Year 3 was the most productive,
ment (5045 vs. 4175 kg ha�1 ). Tall fescue growth re-averaging 6655 kg ha�1, compared with �4700 kg ha�1

sponded favorably to close defoliation, but harvestingin Year 1 (Table 4). This was attributed, in part, to
too intensively was detrimental to production as defolia-above average rainfall in August and September of Year
tion from the 8-4 vs. the 8-5 treatment reduced DMY3 (Table 3), which stimulated late summer production.
12% (4460 vs. 4990 kg ha�1 ). This difference (C1, TableStubble height influenced annual DMY in all years.
4), was significant in Years 1, 2 (P � 0.01), and 3 (P �Harvesting to a 5-cm compared with a 9-cm stubble (C2,
0.13). Such close continuous defoliation below 5 cm wasTable 4) resulted in higher DMY across the range of

canopy heights evaluated in all 3 yr (Table 4). The mean not advantageous, but DMYs were as much if not more
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Fig. 8. Changes in hemicellulose, cellulose, and lignin of tall fescueFig. 7. Changes in water soluble carbohydrates (WSC), neutral deter-
throughout the growing season (mean 3 yr) from multiple defolia-gent fiber (NDF), and constituent acid detergent fiber (ADF), of
tion intensities (LSD; P � 0.05).tall fescue throughout the growing season (mean 3 yr) from multiple

defoliation intensities (LSD; P � 0.05).

Digestible Dry Matter Yieldthan obtained from the more intensive defoliations at
the 9-cm stubble. The annual mean (weighted for harvest) IVDMD for

Within the 5-cm stubble (C3, Table 4) or within the the 3 yr ranged from 679 g kg�1 from Treatment 8 (31-
9-cm stubble (C5) treatments, harvesting when forage 9) to 743 g kg�1 from Treatment 3 (10-5), with an aver-growth reached 31 cm resulted in higher DMY com- age of 721 g kg�1 (data not shown). With this small rangepared with harvesting when forage growth reached ei-

in IVDMD among defoliation treatments, the DMYther 10- or 11-cm or 15-cm. This is consistent with the
component dominated the EDDM yields obtained (Ta-relationship between leaf area index and net photosyn-
ble 4). Consequently, the pattern of significance wasthesis (Pearce et al., 1965). Within the 5-cm stubble,
nearly identical to DMY (Table 4) and the defoliationdefoliation from a 15-cm canopy resulted in greater
height and stubble height effects were the same as notedDMY than defoliation from a 10-cm canopy, while defo-
above for DMY. In general, the tradeoff between quan-liation from an 8-cm canopy resulted in lowest DMY
tity (yield) and nutritive value (IVDMD) was evident(C7, Table 4). This did not occur within the 9-cm stubble,
with the more lax defoliations (31-5 and 31-9) resultingas DMY were similar when defoliation was from a 15-

or 11-cm canopy height. in highest EDDM yield due to the DMY component,
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Table 4. Annual dry matter and digestible dry matter yields of tall fescue from eight defoliation treatments and N yields from four
defoliation treatments (oven-dry basis).

Dry matter‡ Digestible dry matter§ N¶

Treatment† Year 1 Year 2 Year 3 Year 1 Year 2 Year 3 Year 1 Year 2 Year 3

no. cm kg ha�1

1 8-4 4165 3155 6050 3060 2300 4455 – –
2 8-5 4585 4000 6385 3410 2950 4750 – – –
3 10-5 4705 3880 6560 3550 2830 4880 148 110 209
4 15-5 5350 4710 7330 3595 3255 5210 160 123 228
5 31-5 5690 7070 8950 4120 4820 6030 – – –
6 11-9 4060 3555 4910 3010 2610 3650 125 98 159
7 15-9 3830 3770 5060 2890 2670 3635 – – –
8 31-9 5105 6475 8000 3690 4200 5325 138 149 215
Meaningful comparisons (Probability level)
C1 (1 vs. 2) �0.01 �0.01 0.13 �0.01 �0.01 0.05 – – –
C2 (3, 4, 5, vs. 6, 7, 8) �0.01 �0.01 �0.01 �0.01 �0.01 �0.01 �0.01 0.19 0.03
C3 (5 vs. 3, 4) �0.01 �0.01 �0.01 �0.01 �0.01 �0.01 – – –
C4 (3 vs. 4) �0.01 �0.01 �0.01 �0.01 0.03 0.03 0.04 0.17 0.32
C5 (8 vs. 6, 7) �0.01 �0.01 �0.01 �0.01 �0.01 �0.01 0.02 �0.01 0.02
C6 (6 vs. 7) 0.09 0.43 0.49 0.26 0.75 0.93 – – –
C7 (2 vs. 3, 4, 5) �0.01 �0.01 �0.01 �0.01 �0.01 �0.01 – – –
MSD# 245 495 405 205 350 265 11 20 44
Mean 4685 4575 6655 3415 3205 4740 143 120 203
CV (%) 3.9 8.2 4.6 4.4 8.2 4.2 3.8 8.1 10.4

† Treatment designations represent plant growth defoliated to a specific stubble; for example, 8-4 designates that each time tall fescue growth attained 8
cm it was cut back to 4-cm stubble.

‡ Each value is the mean of four replicates totaled for 3 to 22 harvests, depending on year and treatment.
§ Each value is the mean of four replicates determined by multiplying the in vitro dry matter disappearance and dry matter yield at each harvest and

summed for 3 to 22 harvests, depending on treatment and year.
¶ Each value is the mean of three replicates determined by multiplying total N and dry matter yield at each harvest and summed for 3 to 22 harvests,

depending on treatment and year.
# MSD � minimum significant difference based on the Waller-Duncan K-ratio (K � 100) t-test.

and the more intensive defoliations giving forage of tion treatments resulted in greater annual DMYs and
reduced nutritive value estimates than did the morehigher IVDMD but much lower DMY.
intense treatments. A more pressing issue when devel-
oping intensive grazing management systems, however,Nitrogen Yield
is how defoliation intensity alters dry matter productionNitrogen removal in the forage was estimated for four
and associated nutritive value during the total grazingof the eight treatments and averaged 143 kg ha�1 in
period. The approach used in this study of expressingYear 1, 120 kg ha�1 in Year 2, and 203 kg ha�1 in Year
discrete harvest and associated nutritive value estimates3 (Table 4). Defoliation at 15-5 vs. 10-5 resulted in
as daily-response changes throughout the growing sea-greater N removal in the forage only in Year 1 (C4,
son provided estimates of each variable analyzed thatTable 4). At the most lax defoliation (31-9), N removal
can be used in structuring grazing systems. This processwas consistently greater than the more intensive defolia-
requires frequent estimates of pasture growth rate andtion within the same stubble height (11-9) (C5, Table
nutritive value. Altering forage growth rate and nutri-4). Comparing N removal, forage with similar canopy
tive value during critical stress periods during the sum-heights but different stubble heights (10-5 vs. 11-9)
mer through defoliation intensity may be of more eco-showed greater removal from the 10-5 defoliation in
nomic advantage than simply generating greater annualYears 1 and 3 (C2, Table 4). These differences were
forage production. This study provides comparisonsmainly associated with differences in DMY as changes
among eight defoliation treatments at 10-d intervals dur-in N concentrations (data not shown) were not large,
ing the growing season and will assist the meaningfulaveraging (weighted for harvest) for the 3 yr 192, 183,
structuring of intensive grazing management systems.193, and 162 g kg�1 for the 10-5, 15-5, 11-9, and 31-9

defoliations, respectively. Although total N recovery
was not determined in this study, it is of interest to note REFERENCES
that of the 269 kg ha�1 N applied, the 15-5 defoliation, of

Association of Official Analytical Chemists. 1990. Official methodsthose evaluated, gave the highest apparent N recovery,
of analysis. 15th ed. AOAC, Arlington, VA.averaging 59.5, 45.8, and 84.8% for Years 1, 2, and 3, Ball, D.M., R.A. Shelby, and R.L. Dalrymple. 1985. Auburn Univer-

respectively. The high apparent recovery noted in Year sity Fescue Toxicity Diagnostic Center. p. 31–33. In Proc. Southern
3 is associated with the most favorable growing condi- Pasture and Forage Crop Improvement Conf., 41st, Raleigh, NC.

20–22 May 1985. U.S. Gov. Print. Office, Washington, DC.tions during the study (Table 3).
Belesky, D.P., and J.M. Fedders. 1994. Defoliation effects on seasonal

production and growth rate of cool-season grasses. Agron. J. 86:
SUMMARY 38–45.

Blaser, R.E., R.C. Hammes, Jr., J.P. Fontenot, C.E. Polan, H.T. Bry-Defoliation intensity significantly (P � 0.01) altered ant, and D.D. Wolf. 1976. p. 674–684. In J. Luchok et al. (ed.) Hill
annual dry matter production and associated nutritive Lands. Proc. Inter. Symp., Morgantown, WV. 3–9 Oct. 1976. West

Virginia Univ. Books, Morgantown, WV.value of tall fescue. Generally, the less intensive defolia-



1284 CROP SCIENCE, VOL. 42, JULY–AUGUST 2002

Burns, J.C. 1982. Integration of grazing with other feed sources. Harris, W. 1978. Defoliation as a determinant of the growth, persis-
tence, and composition of pasture. p. 67–85. In J.R. Wilson (ed.)p. 455–471. In J.B. Hacker (ed.) Nutritional limits to animal produc-
Plant relations in pasture. Commonwealth Sci. & Ind. Res. Org.,tion from pastures. CAB, Farnham Royal, UK.
Melbourne, Australia.Burns, J.C., and D.S. Chamblee. 1979. Adaptation. p. 9–30. In R.C.

Matches, A.G. 1968. Performance of four pasture mixtures defoliatedBuckner and L.P. Bush (ed.) Tall fescue. Agron. Monogr. 20. ASA,
by mowing or grazing with cattle or sheep. Agron. J. 60:281–285.CSSA, and SSSA, Madison, WI.

Matches, A.G. 1979. Management. p. 171–199. In R.C. Buckner andBurns, J.C., and W.A. Cope. 1974. Nutritive value of crownvetch
L.P. Bush (ed.) Tall fescue. Agron. Monogr. 20. ASA, CSSA, andforage as influenced by structural constituents and phenolic and
SSSA, Madison, WI.tannin compounds. Agron. J. 66:195–200.

Mueller, J.P., J.T. Green, M.H. Poore, and K.R. Pond. 1995. Con-Chamblee, D.S., J.T. Green, and J.C. Burns. 1995. Principal forages
trolled grazing. p. 9–11. In D.S. Chamblee (ed.) Production andof North Carolina. p. 25–27. In D.S. Chamblee (ed.) Production
utilization of pastures and forages in North Carolina. Tech. Bull.and utilization of pastures and forages in North Carolina. Tech.
305. North Carolina Agric. Res. Serv., Raleigh, NC.Bull. 305. North Carolina Agric. Res. Serv., Raleigh, NC.

National Research Council. 1996. Nutrient Requirements of BeefColyer, D.F., L. Alt, J.A. Balasko, P.R. Henderlong, G.A. Jung, and
Cattle. 6th ed. Natl. Acad. of Sci., Natl. Acad. Press, Washing-Vinh Thong. 1977. Economic optima and price sensitivity of N
ton, DC.fertilization for six perennial grasses. Agron. J. 69:514–517.

Pearce, R.B., R.H. Brown, and R.E. Blaser. 1965. Relationship be-Denison, F.R., and H.D. Perry. 1990. Seasonal growth rate patterns
tween leaf area index, light interception, and net photosynthesisfor orchardgrass and tall fescue on the Appalachian Plateau. Agron.
in orchardgrass. Crop Sci. 5:553–556.J. 82:869–873. SAS Institute. 1995. SAS user’s guide: Statistics. 5th ed. SAS Inst.,

Deriaz, R.E. 1961. Routine analysis of carbohydrates and lignin in Cary, NC.
herbage. J. Sci. Agric. 12:152–160. Smith, A.E., and G.V. Calvert. 1979. Fescue forage production and

Dobson, J.W., E.R. Beaty, and C.D. Fisher. 1978. Tall fescue yield, quality response to sequential nitrogen applications. Agron. J. 71:
tillering, and invaders as related to management. Agron. J. 70: 647–649.
662–666. Whitehead, D.C. 1995. Amounts, sources, and fractionation of organic

Goering, H.K., and P.J. Van Soest. 1970. Forage fiber analyses (appa- nitrogen in soil. p. 82–107. In Grassland Nitrogen. CAB Int., Tuc-
ratus, reagents, procedures, and some applications). Agric. Handb. son, AZ.
379. U.S. Gov. Print. Office, Washington, DC. Wilkerson, S.R., J.A. Stuedemann, and D.P. Belesky. 1989. Soil potas-

Hallock, D.L., R.H. Brown, and R.E. Blaser. 1965. Relative yield and sium distribution in grazed K-31 tall fescue pastures as affected by
composition of Ky 31 tall fescue and coastal bermudagrass at four fertilization and endophytic fungus infection level. Agron. J. 81:

508–512.nitrogen levels. Agron. J. 57:539–542.


